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Introduction
Diabetes is considered as one of the most important
health problems of our civilization [1,2]. Chronic dia-
betes complications remain essential in the treatment
of this disease. Diabetes and its complications are still
a serious social and economic problem. Chronic com-
plications including vascular damage remain essential
in the treatment of this disease. The numbers of
resources spend on diabetes and diabetic complica-
tions are still increasing globally. 
Neutrophils play an important role in the pathogen-
esis of diabetes. Despite many scientific researches
concerning the function of neutrophiles in both physi-
ological and pathological reactions their function has
not been completely explained. However, it is proved
that neutrophiles play an important role in the patho-
genesis of diabetes. Studies concerning the metabo-
lism of selected markers of neutrophiles activated by
E. coli endotoxin in patients with 2-type diabetes com-
plicated and non-complicated by diabetic foot syn-
drome can be an useful completion.
The aim of the study was to evaluate the metabo-
lism of neutrophils activation markers during the colo-
nization of E. coli endotoxin in order to determine
their potential role in the treatment of 2-type diabetes
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significantly interfere with neutrophiles activity in the course of diabetes. 
Key words: E. coli, neutrophiles, diabetes mellitus, diabetic foot
Correspondence: G. Staœkiewicz, Human Anatomy Department,
Medical University of Lublin, Jaczewskiego 4 Str., 20075 Lublin;
tel.: (+48) 609522559, e-mail: grzegorz.staskiewicz@umlub.pl
complicated and non-complicated with the diabetic
foot syndrome and to evaluate production of peroxide
anions by stimulated and non-stimulated neutrophils
depending on the exposition time. 
Material and methods
Patients. 54 patients were included into the study. Patients were
divided into 3 groups: Group 1 (control group) – 15 healthy vol-
unteers (mean age: 45±9 years); Group 2 (17 patients) with 2-type
non-complicated diabetes (mean fasting blood sugar 98 mg%);
Group 3 – 22 patients with 2-type diabetes complicated with dia-
betic foot syndrome (mean fasting blood sugar 105 mg%). In both
experimental groups patients were 45-70 years old (mean age:
57±13 years). A 15ml blood sample was taken from all patients.
Cells. Neutrophils were isolated and activated using Zymosan
(Sigma, St. Louis, USA) which was previously opsonizated by
autological serum according to Markert et al.[8] method. The sus-
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Figure 1. Influence of E. coli endotoxin to peroxide anions production by neutrophiles; a. non-stimulated neutrophiles, group 1; b. non-
stimulated neutrophiles, group 2; c. non-stimulated neutrophiles, group 3; d. stimulated neutrophiles, group 1; e. stimulated neutrophiles,
group 2; f. stimulated neutrophiles, group 3. Bars represent concentrations of E. coli endotoxin: 1: no endotoxin, 2: 1 μg/ml, 3: 5 μg /ml,
4: 10 μg /ml. *= p<0.05 for comparison of peroxide anions production as compared with previous time period, starting with 20. minute
of experiment. 
pension of granulocytes was incubated with opsonizated Zymosan.
E. coli's endotoxin (0111:B4 type, Difco Corp., Detroit, USA) was
added to the solution in doses of 1 μg/ml, 5 μg /ml and 10 μg /ml.
The cells were centrifuged after 20, 40 i 60 minutes, and peroxide
anions were measured in supernatant according to Johnston et al.
[3]. The suspension of granulocytes was incubated with opsonizat-
ed Zymosan. Next granulocytes were caused by Hank's balanced
salt solution (HBSS- 136 mM NaCl, 5.4 mM KCl, 0.44 mM
KH2PO4, 0.34 mM Na2HPO4, 5.6 mM glucose termostated in temp
of 37°C) to stick to nylon fibers. Cells which did not stick to the
fibers were removed by the abovementioned buffer. Buffer was
replaced by another buffer containing demanded stimulator (FMLP
1×10 -7 M/l, A23187 2.5 μg/ml, PAF 5×10 -6 M/l, LTB4 5×10 -6
M/l) or cytochrome c 5×10 -5 M/l in order to measure the produc-
tion of peroxide anions. 
Statistical analysis. Obtained data was statistically analyzed. Dif-
ferences between groups were evaluated with t-Student test, p
value of <0.05 was considered statistically significant. 
Results 
Results are presented in Fig. 1 a-f and 2 a-b. In all
study groups E. coli endotoxin in all concentrations
caused significantly (p<0.05) increased production of
peroxide anions since 20. minute of experiment. 
E. coli endotoxin caused significantly (p<0.05) lower
production of peroxide anions in diabetic patients –
study groups 2 and 3 – Fig. 1 b, c, e, f, as compared
with control group 1. Time of exposition to E. coli
endotoxin caused significantly higher production of
peroxide anions in both stimulated and non-stimulated
neutrophiles. 
Discussion
E. coli infections may result with serious complica-
tions in diabetic patients [3]. The course of E. coli sep-
sis may also be much more severe in diabetic subjects
[4]. It may also influence the course of complications
of diabetes, like endophtalmitis [5] or pyelonephritis
[6]. Neutrophiles play an important role in the compli-
cations of diabetes [7,8].
In the study, a significant influence of E. coli endo-
toxin to metabolic activity of both stimulated and non-
stimulated neutrophiles was observed in all groups.
Peroxide anions production by neutrophiles increased
significantly with time of incubation and dose of endo-
toxin. It was also observed, that the production was sig-
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Fig. 2. Production of peroxidase anions
(nM/1000000 PMNL) neutrophiles in con-
trol group (1) and experimental groups
(2,3). a – non-stimulated neutrophiles. b –
stimulated neutrophiles. ↓ = p<0.05 for dif-
ferences between experimental groups and
group 1; ↔ =p<0.05 for differences
between experimental groups 2 and 3. 
nificantly lower in diabetic patients, in both groups 2
and 3.
The results correspond to data in the literature, that
suggest, that type, time of exposition and concentra-
tion of pathogenes may significantly interfere with
neutrophiles activity in the course of diabetes. Disor-
ders of prooxidants and antioxidants balance can be
caused by increased production of prooxidants, defi-
ciency of antioxidants or parallel presence of these
phenomenon [9]. This process is known as oxidative
stress. It has an important role in the pathomechanism
of chronic complications of diabetes [10,11]. The
research on modulation of function of neutrophiles in
oxidative stress takes place [12]. 
Production of peroxide anions by non-stmulated
neutrophiles was 15-times higher in group 2, and 18-
times higher in group 3 as compared to control group.
In zymosan-stimulated neutrophiles, in 20. minute of
experiment, the peroxidase production was 25-times
higher and 30-times higher in groups 2 and 3, respec-
tively. This may suggest, that severity of diabetic com-
plications may be related to time of exposition of the
patient to unfavourable factor [13]. 
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